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DQGRQWKHFURVVEHDPVRIWZRS\ORQV7KHPDLQEULGJHVXSHUVWUXFWXUHLVDFRPSRVLWHGHFNZKLFKFRPSULVHVVWHHOER[
JLUGHUPZLGHDQGPKLJKZLWKPORQJFDQWLOHYHUVRQERWKVLGHVDQGDPPWKLFNUHLQIRUFHGFRQFUHWHVODE
RQWRS7KHWRWDOZLGWKRIWKHFURVVVHFWLRQLVP7KHVWHHOER[LVGLYLGHGLQWRWKUHHFKDPEHUVRIPPP
$OOZRUNVKRSDQGSUHIDEULFDWHGFRQQHFWLRQVRIVWHHOER[VHJPHQWVDUHZHOGHGH[FHSW IRU WKHKLJKVWUHQJWKEROWHG
FDQWLOHYHUEHDPV



)LJ7KH'PRGHORIPDLQEULGJH


)LJ&URVVVHFWLRQRIWKHPDLQVSDQ
 7KHVWHHOER[FRQVLVWVRIORQJLWXGLQDODQGWUDQVYHUVHVWLIIHQHGVWHHORUWKRWURSLFSODWHVRIPPWRPPWKLFNQHVV
7KHXSSHUIODQJHRIWKHER[LVPPWKLFNLQWKHFHQWUDOSDUWPPWKLFNDWWKHHGJHDQGPPWKLFNDWWKHVWD\
FDEOHFRQQHFWLRQGHWDLO7KHXSSHUIODQJHLVORQJLWXGLQDOO\VWLIIHQHGZLWKFORVHGWUDSH]RLGDOFURVVVHFWLRQ[PP
7KHWKLFNQHVVRIWKHORZHUIODQJHLVPPORQJLWXGLQDOO\VWLIIHQHGZLWKFORVHGWUDSH]RLGDOFURVVVHFWLRQ[PP
7KHLQQHUDQGRXWHUZHEVRIWKHVWHHOER[KDYHDYDULDEOHWKLFNQHVVIURPPPWRPP7KLFNQHVVHVDUHLQFUHDVHG
DERYHWKHVXSSRUWVDQGDWWKHSRVLWLRQVRIWKHFDEOHVWD\VDQFKRUV7KLFNQHVVHVRIWKHZHEYDU\IXUWKHUDORQJWKHVSDQ
GXHWRWKHVWDELOLW\UHTXLUHPHQWVGXULQJLQFUHPHQWDOODXQFKLQJ:HEVDQGORZHUIODQJHVKDYHWKHVDPHORQJLWXGLQDO
VWLIIHQHUV7KHFDQWLOHYHUSDUWRIWKHVHFWLRQFRQVLVWVRID+($EHDPVXSSRUWHGE\DQLQFOLQHG+(%EUDFLQJ
$OOFDQWLOHYHUEHDPVDUHLQWHUFRQQHFWHGDWWKHLUHQGVZLWKORQJLWXGLQDO,3(EHDPV7KHUHLQIRUFHGFRQFUHWHVODE
DERYHWKHVWHHOER[LVSRXUHGLQVLWXZKLOHDWWKHFDQWLOHYHUSDUWWKHSUHIDEULFDWHGFRQFUHWHSODWHVDUHXVHGZLWKRQO\
WKHWRSOD\HURIFRQFUHWHEHLQJSRXUHGLQVLWX$FRPSRVLWHDFWLRQRIVWHHODQGUHLQIRUFHGFRQFUHWHVWUXFWXUHLVDFKLHYHG
E\XVLQJKHDGHGVWXGVZHOGHGWRWKHXSSHUIODQJHDQGFDQWLOHYHUEHDPV
 

 6WHHOER[JLUGHUZHEVDQGIODQJHVDUHWUDQVYHUVHO\VWLIIHQHGE\GLDSKUDJPV7KH\DUHSRVLWLRQHGPLQWKHRXWHU
VSDQVRUPLQFHQWUDOVSDQDSDUW7KHLUSRVLWLRQFRUUHVSRQGVWRWKHSODFLQJRIWKHFDQWLOHYHUEHDPV%DVLFDOO\
WKHUHDUHWZRW\SHVRIGLDSKUDJPVIXOOGLDSKUDJPRQVXSSRUWVORFDWLRQVRIDQFKRULQJWKHVWD\FDEOHRQS\ORQVDQG
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DW DEXWPHQW DQG DW DOO RWKHU ORFDWLRQV VHFRQG W\SH RI GLDSKUDJP QDPHG ³W\SLFDO´ GLDSKUDJP LV XVHG ³7\SLFDO´
GLDSKUDJPLVIRUPHGZLWKWKH7VHFWLRQIUDPHVWLIIHQHUVDQGWKH+($GLDJRQDOEUDFLQJ



)LJD)XOOGLDSKUDJPE7\SLFDOGLDSKUDJP
 7KHEULGJHLVFDEOHVWD\HGRQHDFKS\ORQZLWKVWD\FDEOHSDLUV7KHFDEOHVDUHDQFKRUHGLQWKHVWHHOER[JLUGHU
DWHYHU\PLQRXWHUVSDQVDQGPLQFHQWUDOVSDQ7KHVWD\VDUHPDGHRIWRVWUDQGVRIKLJKVWUHQJWKVWHHOZLWK
WKHFRUUHVSRQGLQJIL[HGDQFKRUVRQWKHS\ORQDQGDGMXVWDEOHDQFKRUVLQWKHER[
 7KHVWHHOER[JLUGHURIWKHPDLQVSDQLVGLYLGHGLQWRSUHIDEULFDWHGVHJPHQWVZLWKDWUDQVSRUWOHQJWKRIP
'XULQJWKHGHVLJQLWWXUQHGRXWWKDWVRPHVHJPHQWVH[FHHGHGWKHOHQJWKRIPLQRUGHUWRFRPSO\ZLWKWKHPLQLPXP
UHTXLUHPHQWVIRUFDEOHVWD\DQFKRULQJGHWDLOVVRWKHOHQJWKRIWKHFHQWUDOVHJPHQWRIWKHEULGJHLVP'HSHQGLQJ
RQWKHSRVLWLRQRIWKHVHJPHQWDORQJWKHJLUGHULWFRQWDLQVRQHRUWZRDQFKRUVH[FHSWIRUWZRVHJPHQWVZKLFKDUH
ORFDWHGRQWKHS\ORQVDQGKDYHQRDQFKRUV
 (DFKRIWKHDVVHPEO\XQLWVRIWKHEULGJHLVFRPSRVHGRIVHYHQVXEDVVHPEOLHVRQHFHQWUDOER[VHJPHQWWZR
HGJH VHJPHQWV GRZQVWUHDP DQG XSVWUHDP DQ XSSHU DQG ORZHU XSVWUHDP RUWKRWURSLF SODWH DQ XSSHU DQG ORZHU
GRZQVWUHDP RUWKRWURSLF SODWH (DFK RI WKH VHYHQ VXEDVVHPEOLHV RI ER[ JLUGHU LV IDEULFDWHG LQ D ZRUNVKRS DQG
GHOLYHUHGWRWKHFRQVWUXFWLRQVLWH7KHILQDOMRLQLQJRIVXEDVVHPEOLHVLVFRPSOHWHGRQWKHVLWH7KHEULGJHVHJPHQWV
ZHUHPDQXIDFWXUHGLQDZRUNVKRSDQGDVVHPEOHGRQWKHDSSURDFKEULGJH7KHILQLVKHGDVVHPEO\VHJPHQWLVVHWLQWKH
GHVLJQHGSRVLWLRQUHODWLYHWRWKHSUHYLRXVO\FRPSOHWHGVHJPHQWDQGLVFRQQHFWHGWRWKHDOUHDG\FRPSOHWHGSDUWRIWKH
VWHHOVSDQVWUXFWXUHE\WUDQVYHUVHZHOGLQJ



)LJ$VVHPEO\XQLW
 7KHDVVHPEO\VHJPHQWVRIVWHHOVXSHUVWUXFWXUHZHUHORQJLWXGLQDOO\FRQQHFWHGRQWKHDSSURDFKEULGJHVWRWKHOHQJWK
GHWHUPLQHGIRUHDFKFRQVWUXFWLRQVXESKDVH$IWHUWKLVWKHVWUXFWXUHZDVLQFUHPHQWDOO\ODXQFKHGRYHUWKHULYHU)RXU
WHPSRUDU\UHLQIRUFHGFRQFUHWHSLOODUVZHUHEXLOWIRUODXQFKLQJSKDVHRQHLQHDFKLQXQGDWLRQVSDQDQGWZRLQWKHULYHU
EHGIRUPLQJVSDQOHQJWKVRIPPPPPPDQGPUHVSHFWLYHO\

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
)LJD-RLQLQJRIVXEDVVHPEOLHVRQWKHVLWHE6LWHZHOGLQJ

)LJD,QFUHPHQWDOODXQFKLQJILUVWVSDQE,QFUHPHQWDOODXQFKLQJ±FHQWUDOVSDQ

)LJ0DLQEULGJHVSDQ

492   B. Čačić Šipoš and C. Lang /  Procedia Engineering  156 ( 2016 )  488 – 494 
 $OOWKHHOHPHQWVRIWKHVWHHOVXSHUVWUXFWXUHZHUHPDGHRIVWUXFWXUDOVWHHOTXDOLW\6-17KHZHLJKWRIHDFK
SUHIDEULFDWHGVHJPHQWZLWKFDQWLOHYHUVDQGORQJLWXGLQDOEHDPVDPRXQWHGIURPWRWRQV7KHWRWDOZHLJKWRI
WKHVWHHOVXSHUVWUXFWXUHQRWLQFOXGLQJIDVWHQHUVLVDERXWWRQVKHDGHGVWXGVZHUHXVHGZLWKWRWDOZHLJKW
RIWRQV
0RGHOOLQJRIWKHEULGJHVWHHOVWUXFWXUH
 0RGHOOLQJ RI WKH VWHHO VWUXFWXUH ZDV SHUIRUPHG WR WKH ILQHVW GHWDLO ZLWK DOO WKH HOHPHQWV GHWDLOV IRU ZHOG
SUHSDUDWLRQVKHDUVWXGVDQGDOOEROWHGFRQQHFWLRQV'DWDIURPWKH0DLQGHVLJQZDVXVHGDVLQSXWSDUDPHWHUVSURILOHV
WKLFNQHVVHVRIPHWDOSODWHVDQGWKHJLYHQYHUWLFDODOLJQPHQWOLQH7KHPRGHOOLQJRIDOOORQJLWXGLQDOHOHPHQWVRIVWHHO
ER[ZDVSHUIRUPHGE\ELQGLQJWRWZRUHIHUHQFHSRLQWVDQGXVLQJWKHEHDPHOHPHQWV%\GHILQLQJDFRPPRQVWDUWDQG
HQGSRLQWVRIHDFKORQJLWXGLQDOHOHPHQWLQRXUFDVHEHDPHOHPHQWPRGHOOLQJKDVEHFRPHPXFKHDVLHU(YHU\HOHPHQW
KDVSURSHUWLHVWKDWFDQEHDGMXVWHGE\FKDQJLQJSDUDPHWHUYDOXHVPDNLQJWKHSRVLWLRQVRIWKHEHDPVHDV\WRGHILQH


)LJ0RGHOYLHZV
 )RXUGLDSKUDJPVXEW\SHVZHUHGHYHORSHGLQWKHPRGHOEDVHGRQWKHLUSRVLWLRQDW\SLFDOGLDSKUDJPZLWKFURVV
EUDFLQJDIXOOGLDSKUDJPRQVWD\FDEOHVDQFKRUVORFDWLRQVDIXOOGLDSKUDJPRQS\ORQVDQGGLDSKUDJPVDWH[SDQVLRQ
MRLQWV$OOGLDSKUDJPVZHUHPRGHOOHGVRWKDWWKH\DUHSHUSHQGLFXODUWRDOOWKHVWHHOER[ZHEVDQGIODQJHV&XVWRP
FRPSRQHQWVKDYHEHHQFUHDWHGIRUHDFKRIWKHGLDSKUDJPVXEW\SHV6LQFHSDUWVRIWKHVWUXFWXUHFDQEHPDQDJHGPXFK
PRUHHIILFLHQWO\DVDQDVVHPEO\WKDQDVDQLQGLYLGXDOSLHFHHDFKGLDSKUDJPZDVFUHDWHGDVRQHFRPSRQHQWFRPSULVLQJ
VXEDVVHPEOLHV7KHRSWLRQRIFUHDWLQJDVVHPEOLHVRIGLIIHUHQWOHYHOVKDVEHHQYHU\XVHIXO
 $PRGHORIWKHHQWLUHVWUXFWXUHLVPDGHE\UHSHDWLQJWKHVHVWHSVFUHDWLQJEDVLFHOHPHQWVPRGLI\LQJDQGFRQQHFWLQJ
WKHPE\ZHOGLQJRUEROWHGFRQQHFWLRQVDQGE\JURXSLQJWKHDVVHPEOLHV7KHLQWHOOLJHQW'PRGHOFRQWDLQVDOOWKH
LQIRUPDWLRQUHTXLUHGIRUPDQXIDFWXULQJDQGFRQVWUXFWLRQ$WDQ\WLPHLQWKHPRGHOGHYHORSPHQWVWDJHLWLVSRVVLEOH
WRJHQHUDWHDXWRPDWHGUHSRUWVLQFOXGLQJDELOORIPDWHULDOVEROWVVXUIDFHDUHDVDQGYROXPHVHWFIRUHOHPHQWVFUHDWHG
XSWRWKLVSRLQW


)LJ6XEDVVHPEOLHVRIVWHHOER[VHJPHQW
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'UDZLQJSURGXFWLRQDQGUHSRUWV
 7KH FRPSOHWHG 'PRGHO FRQVLVWHG RI  GLIIHUHQW SDUWV DUUDQJHG LQ DVVHPEOLHV  JHQHUDO DUUDQJHPHQW
GUDZLQJVZHUH JHQHUDWHG  DVVHPEO\GUDZLQJV DQG VLQJOH SDUWV GUDZLQJVZHUH FUHDWHGGLUHFWO\ IURP WKH
PRGHO$GGLWLRQDOO\PXOWLSOHUHSRUWVGHULYHGIURPWKHLQIRUPDWLRQLQFOXGHGLQPRGHOKDYHEHHQFUHDWHGIRUH[DPSOH
OLVWVRIGUDZLQJVEROWVDQGSDUWVDELOORIPDWHULDODQGRWKHUV$OOUHTXLUHGVKRSDQGHUHFWLRQGUDZLQJVZHUHFUHDWHG
IURPWKHDFFXUDWHO\GHWDLOHG'PRGHO
 %HIRUHJHQHUDWLQJWKHDVVHPEO\DQGSDUWGUDZLQJVWKHV\VWHPLGHQWLILHVDQGFROOHFWVLGHQWLFDOSLHFHVLQWRSDUW
PDUNJURXSV(DFKGUDZLQJFRQWDLQVWKHYLHZVDQGGLPHQVLRQVUHTXLUHGIRUWKHIDEULFDWLRQ7KHPRGHOLVFRPSOHWHO\
GHVFULEHGZLWKWKUHHW\SHVRIGUDZLQJVSDUWDVVHPEO\DQGJHQHUDODUUDQJHPHQWGUDZLQJV3DUWGUDZLQJVGHVFULEHWKH
JHRPHWU\RILQGLYLGXDOHOHPHQWVDVVHPEO\GUDZLQJVGHVFULEHWKHLQWHUFRQQHFWLRQRISDUWVDQG*$GUDZLQJVJLYHWKH
OD\RXWRIDVVHPEOLHVLQWKHILQDOVWUXFWXUHWKHZD\RIWKHLULQWHUFRQQHFWLRQDQGWKHQHFHVVDU\GHWDLOV6LQFHGUDZLQJV
DQGUHSRUWVDUHGLUHFWO\DVVRFLDWHGZLWKWKHPRGHODOOFKDQJHVLQWKHPRGHODUHDXWRPDWLFDOO\XSGDWHGLQWKHRXWSXW
,QWKLVZD\LVVXLQJDQRXWGDWHGGRFXPHQWLVLPSRVVLEOH
 $OOGUDZLQJVDUHFUHDWHGDFFRUGLQJWRWKHVHOHFWHGGUDZLQJVW\OH7KHVWHHOER[JLUGHUZDVGLYLGHGLQWRVHJPHQWV
PDUNHGZLWKQXPEHUV IURP WRHDFKRI WKHPUHSUHVHQWLQJ WKHKLJKHVW OHYHORIDVVHPEO\ OHYHO:RUNVKRS
GRFXPHQWDWLRQZDVDOVRGHYHORSHGLQWKLVZD\VRWKDWWKHGUDZLQJVDUHGLYLGHGLQOHYHOVDQGDVVHPEOLHVDQG
OHYHOVLQJOHSDUWV7KHDVVHPEO\GUDZLQJRIWKHHQWLUHVHJPHQWFRUUHVSRQGHGWROHYHOZLWKDOOWKHVXEDVVHPEOLHV
'UDZLQJVRIVXEDVVHPEOLHVOHYHODUHVHJPHQWVRIVWHHOER[RQHFHQWUDOVHJPHQWDQGWZRHGJHVHJPHQWVRUWKRWURSLF
SODWHVDQGFDQWLOHYHUEHDPV2QHDFKRIWKHVWHHOER[DVVHPEO\GUDZLQJGLDSKUDJPVDUHVKRZQDQGSRVLWLRQHGZKLOH
WKH\DUHGHVFULEHGLQGHWDLORQWKHOHYHODVVHPEO\GUDZLQJV/HYHOZHUHLQGLYLGXDOSDUWVGUDZLQJV$OOGUDZLQJV
ZHUHH[SRUWHGLQGZJIRUPDWDQGZHUHEHLQJFRQWLQXRXVO\IRUZDUGHGGXULQJWKHZRUNRQWKHSURMHFWWRWKHZRUNVKRS
5HSRUWVDUHDOVRFUHDWHGGLUHFWO\IURPWKHPRGHOVRWKHLQIRUPDWLRQZDVDOZD\VDFFXUDWH7KHWRWDODPRXQWRIFUHDWHG
GUDZLQJVZDV


)LJXUH$VVHPEO\GUDZLQJRIWKHHQWLUHVHJPHQW±OHYHO

494   B. Čačić Šipoš and C. Lang /  Procedia Engineering  156 ( 2016 )  488 – 494 
)LJ$VVHPEO\DQGSDUWGUDZLQJVRIOHYHODQG
&RQFOXVLRQ
:KHQPRGHOOLQJFRPSOH[JHRPHWU\VWUXFWXUHVVLPLODUWRWKLVWKHDSSOLFDWLRQRI'VRIWZDUHODUJHO\HOLPLQDWHVWKH
SRVVLELOLW\RIHUURUVDQGHQDEOHVREWDLQLQJPRUHSUHFLVHVKRSGUDZLQJVDQGELOOVRIPDWHULDO'DWDFDQEHH[SRUWHGLQ
YDULRXV FRPSXWHU IRUPDWV ':*';) ,)& RU GLUHFWO\ VHQW WR&1&ZRUNVKRSPDFKLQHV2Q WKLV SURMHFW%,0
WHFKQRORJLHVZHUHLPSOHPHQWHGWRVLPSOLI\WKHZRUNRQWKHFRPSOH[GHVLJQDQGIDEULFDWLRQRIVWHHOER[JLUGHUZLWK
FDEOHDQFKRUDJH'XULQJWKHGHVLJQSURFHVVLWVLPSOLILHGWKHFRPPXQLFDWLRQDQGFROODERUDWLRQZLWKHQJLQHHUVLQFKDUJH
RIGLIILFXOWDVVHPEO\DQGZHOGLQJSURFHVV$OOSDUWLFLSDQWVLQWKHSURMHFWVKDUHGWKH%,0PRGHODQGZHUHLQIRUPHG
DQGXSGDWHGRQWKHSURMHFWGHWDLOV
7KH'PRGHOOLQJRIVWUXFWXUHXVLQJWKH7HNOD6WUXFWXUHVVRIWZDUHIDFLOLWDWHGVWUXFWXUHYLVXDOL]DWLRQIDVWSURGXFWLRQ
RI DFFXUDWH DQG SUHFLVH GUDZLQJV IRU ZRUNVKRS GRFXPHQWDWLRQ DQG HQDEOHG VLPSOH FRPPXQLFDWLRQ DPRQJ DOO
SDUWLFLSDQWVLQWKHFRQVWUXFWLRQSURFHVV$GGLWLRQDODGYDQWDJHIRUWKHGHVLJQHUVLVWKHSRVVLELOLW\RIVLPXOWDQHRXVZRUN
RIVHYHUDOXVHUVRQWKHVDPHPRGHO%XLOWLQLQWHOOLJHQFHPDQDJHVPRGLILFDWLRQVPDGHE\PXOWLSOHXVHUV7KLVJUHDWO\
LQFUHDVHVSURGXFWLYLW\DQGSURMHFWTXDOLW\

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